Runx1/AML1/Cbfa2 mediates onset of mesenchymal cell differentiation toward chondrogenesis.
Runx proteins mediate skeletal development. We studied the regulation of Runx1 during chondrocyte differentiation by real-time RT-PCR and its function during chondrogenesis using overexpression and RNA interference. Runx1 induces mesenchymal stem cell commitment to the early stages of chondrogenesis. Runx1 and Runx2 are co-expressed in limb bud cell condensations that undergo both cartilage and bone differentiation during murine development. However, the cooperative and/or compensatory effects these factors exert on skeletal formation have yet to be elucidated. Runx1/Cbfa2 and Runx2/Cbfa1 were examined at different stages of embryonic development by immunohistochemistry. In vitro studies used mouse embryonic limb bud cells and assessed Runx expressions by immunohistochemistry and real-time RT-PCR in the presence and absence of TGFbeta and BMP2. Runx1 was overexpressed in mesenchymal cell progenitors using retroviral infection. Immunohistochemistry showed that Runx1 and Runx2 are co-expressed in undifferentiated mesenchyme, had similar levels in chondrocytes undergoing transition from proliferation to hypertrophy, and that there was primarily Runx2 expression in hypertrophic chondrocytes. Overall, the expression of Runx1 remained significantly higher than Runx2 mRNA levels during early limb bud cell maturation. Treatment of limb bud micromass cultures with BMP2 resulted in early induction of both Runx1 and Runx2. However, upregulation of Runx2 by BMP2 was sustained, whereas Runx1 decreased in later time-points when type X collagen was induced. Although TGFbeta potently inhibits Runx2 and type X collagen, it induces type II collagen mRNA and mildly but significantly inhibits Runx1 isoforms in the early stages of chondrogenesis. Virus-mediated overexpression of Runx1 in mouse embryonic mesenchymal cells resulted in a potent induction of the early chondrocyte differentiation markers but not the hypertrophy marker, type X collagen. Knockdown or Runx1 potently inhibits type II collagen, alkaline phosphatase, and Runx2 and has a late inhibitory effect on type X collagen. These findings show a distinct and sustained role for Runx proteins in chondrogenesis and subsequent chondrocyte maturation. Runx1 is highly expressed during chondrogenesis in comparison with Runx2, and Runx1 gain of functions stimulated this process. Thus, the Runx genes are uniquely expressed and have distinct roles during skeletal development.